NIXON « VANDERHYE Fax:703-816-4100 



Jun 17 2005 18:15 



P. 03 



GEVORGIAN, S. et al. 
Serial No. 10/781,930 



AttyDkt: 4127- 
Art Unit: 2817 



^ MUNnMENTF T° TH1R SPECIFICATION; 

Please amend the paragraphs beginning at page 1, line 19, through pag^ 
25, as follows: 

Electrically tunable resonators are attractive components for agile radar 
mobile radio communication systems. Different types of resonators are known 
and pafatteU-earAlplate resonator and filters for microwave frequencies usinj> 
dielectric disks of any shape, for example circular, are known e.g. from Vendik 
Electronics Letters vol. 31. p. 654, 1995, which herewith is incorporated hereir 
reference. 

Pa*atteHrParalleiplate resonators comprising substrates of non-linear di 
materials with extremely high dielectric constants, for example ferroelectric 
anti-ferroelectric materials, have small dimensions, and they can for example 
provide very compact filters in the frequency bands in which advanced 
communication systems operate. Such non-linear dielectric materials may e.g. 
STO(SrTi0 3 ) with a dielectric constant of about 2000 at the temperature 
nitrogen and a dielectric constant of about 300 at room temperature. 

Dielectric, pa*a»BaraUe!plate resonators can be excited by simple 
loops. For the majority of practical; implementations the thickness of a 
resonator is much smaller than the wavelength of the microwave signal in the 
order for the resonator to support only the lowest order TM modes and in 
the DC-voltages, which are required for the electrical tuning of the resonator 
a dielectric substrate with electrodes arranged on both sides of it, as low as 
such resonators electrical tuning is obtained by means of the application of ar 
DC-biasing voltage, which is supplied by means of ohmic contacts to the 
acting as plates of the resonator. Tunable resonators based on thin film 
as resonators based on dielectric bulk substrates are known. A resonator is 
be electrically thin if the thickness is smaller than half the wavelength of the 
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recently 



as 



signal in the resonator such that no standing waves will be present along the axis 
disk Electrically tunable resonators based on circular ferroelectric disks have 
been found attractive andhave drawn much attention for example for appncahojis 
tunable filters in microwave communication systems, as well as in mobile radio 
communication systems. 

Please amendthe paragraph beginning at page 2, line 26, as follow: 



Such devices are for example ascribed in "Tunable Microwave Device*", which 
Swedish patent application with application number 9502137-4 andJJSJ^tent 



of the 



IS a SWeaisn paicm aypii***"^ -rr - 

p^m-and, "Arrangement and method relating to tunable devices" which is a 



Swedish patent application with application number 9502138-2 ajidJJSJPatejrt 
which herewith are incorporated herein by reference. 

Please amend the paragraph beginning at page 3, line 1, as follows: 

Substrates comprising ferroelectric materials in resonators and filters a » of 
interest for different reasons. Among other things ferroelectric materials are able to 
handle high peak power, they have a low switching time, and the dielectric constant of 
the substrate varies with an applied biasing voltage, which makes the impedance of the 
device vary with an applied biasing electric field. For example US-A-5 908 sjl 1 , "High 
Tc Superconducting Ferroelectric Tunable Filters", shows an example of suci a filter 
which should get low losses by means of using a single crystal ferroelectric material. A 
ferroelectric thin film substrate is used. However, this device as well as other resonators 
and filters based on ferroelectric materials suffer from the drawback of the quality factor 
(Q-value) of the ferroelectric substrate or element decreasing drastically with the applied 
voltage, when a biasing voltage is applied. This has recently been established by A. 
Tagantsev in »DC-Electric-Field-induced microwave loss in ferroelectrics arid intrinsic 
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limitation for the quality factor of a tunable component", Applied Phystcs Lett* s 
76 No. 9, ^rnmMJm^- 1 182-84, to be a consequence of a fundamental 
mechanism (called quasi-Debye Effect) induced in the ferroelectric material by 
applied biasing field. However, so far, no satisfactory solution to the problem 
with induced losses in tunable ferroelectric resonators has been found. 



,Vol. 
loss 
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associated 



a?ove 



Please amend the paragraph beginning at page 4, line 16, as follows: 
A tunable filter arrangement is also needed which comprises one *H>rmj>re 
resonator apparatuses and which meets one or more of the objects referred to 
further a method of tuning a resonator arrangement is needed through which thfe 
mentioned objects can be achieved, and particularly a method of compensating 
losses induced in a ferroelectric resonator substrate through electrical or electronical 

tuning. 



energy 



Please amend the paragraph beginning at page 4, line 25, asfoUows: 
Therefore a tunable resonating arrangement is provided which comprises a 
resonator apparatus, input/output coupling means for coupling electromagnetic r- 
into/out of the resonator apparatus, and a tuning device for application of a Muring 
voltage/electric field to the resonator apparatus. The resonator apparatus comprises a first 
resonator and a second resonator. The first resonator is a non-tunable high quility 
resonator (i.e. having a high Q-factor) , and the second resonator is a tunable jesonator 
comprising a ferroelectric substrate. The first and second resonators are separated by a 
ground plane which, however, is common for, i.e. shared by, said first and sejond 
resonators, and coupling means are provided for providing coupling between 



. Still 
above 
for the 



said first 



and second resonators. For tuning of the resonate* arrangement, a tuning voltage/electric 
field is applied to the second resonator. Advantageously the first resonator is a disk 
resonator, or a paralMl-paraMplate resonator, and the second resonator is akother disk 
resonator or a p^aHe^EaiaM^late resonator. Advantageously the first resonator 
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13 



comprises a dielectric substrate, the electric permittivity of which does not, or 
substantially not, vary with applied voltage, which dielectric substrate is disposdd 
between a first and a second electrode plate, of which electrodes the second elecpode 
forms the ground plane. 

Please amend the paragraph beginning at page 6, line 21, through page ft line 4, 
as follows: 

Through the application of a tuning (biasing) voltage to sakt-tiiesecond 
electromagnetic energy will be distributed to the first resonator and, particularljj, 
biasing voltage increases, more and more electromagnetic energy will be di 
transferred to the first resonator since the resonators are coupled the way thoy 



rpsonator, 
, as the 
distributed or 
.This 



aa=e. 



. second 



course 



wih 



a so 



means that the distribution of electromagnetic energy between the first and 
resonators depends on the biasing (tuning) voltage or the electric field and of 
coupling means. The resonating frequency in the second resonator increases 
application of an increasing biasing voltage. As the biasing voltage increases 
loss tangent of the second, ferroelectric, resonator will increase, at the same 
of the electromagnetic energy will be located in it. Thereby will automatically be 
compensated for the increased loss tangent of the second resonator in that the 
thereof on the coupled resonator apparatus comprising the first and the second 
will be reduced. 



time 



: resonator 



which 
is non 



ferroelectric 



Please amend the paragraph beginning at page 7, line 19, as follows: 
According to the invention thus a tunable resonator apparatus is provide^ ■ 
comprises a first resonator and a second resonator, wherein in said first ] 
tunable, said second resonator is tunable and ferroelectric, i.e. comprises a : 
substrate, whereby said first and second resonators are separated by a ground plane which 
is common for said first and second resonators. Coupling means are provided for 



-5 - 

PAGE 6/31 * RCVD AT 6/17/2005 6:1 1:18 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/4 * DNIS:8729306 * CSID:703 8164100 * DURATION (mm-ss): 14-04 25as 



the 
the 
the 
as less 



influence 
resonators 



NIXON S VANDERHYE Fax:703-816-4100 Jun 17 2005 18:17 P. 07 



GEVORGIAN, S. et al. 
Serial No. 10/781,930 



AttyDkti 4127- 
Art Unit: 2817 



providing coupling between said first and second resold. and for tuning of tee 
Lonator apparatus, a tuning voltage is appUed to the second re.ona.or. Particularly the 
tot and the second resonator comprises disk resonator, or pa^MBuMplafe 
reson ators, and the common ground plane is formed by a second electrode plaj ■ 
tot resonator which is common with a second eleetrode plate of Ore second relator. 
The coupling menus particularly comprise* a slot or an aperture or similar m tht 
ground plane, through which electromagnetic energy can be transfer^ from ojte of Ute 
resonators to the other. 



5 common 



Please amend the paragraph beginning atpage 9, line 11, as follows: 
Figs. 1 A-1F for illustrative purposes show the current lines (field i 
for a number of different TM modes of a circular, pa^plate resonator, 



distributions) 



It is 



5len,gth 



Please amendthe paragraphs beginning atpage 11, line 5, throughpa^ 
6, as follows: 

Figs. 1A-1F disclose, for illustrative purposes, the lower order 
distributions for a circular ^amHeti-r^raUeLplate resonator, i.e. the TMoio, TM 
TMco, TM 310 , TM 41 o-modesaesr^ivelX. Solid lines indicate the current, 
indicate the magnetic field and dots and crosses indicate the electric field, 
that p=0, i.e. that the thickness of the substrate is smaller than half a wave 
resonator, and that the resonator only supports TM^-modes. The field/current 
distributions are fixed in space by coupling arrangements (such as coupling ■ 
coupling probes, or a further resonator). 

^aJtefrParaUelplate resonators, for example in the form of circular 
disks and circular patches on dielectric substrates, have found several — - 
microwave applications. The resonators are seen as electrically thin if the 
smaller than half the wavelength of the microwave (X g ) in the resonator, ' 
no standing waves will be present along the axis of the disk. Electrically 
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resonators based on circular ferroelectric disks have been largely investigated fc r 
applications in tunable filters. A simplified electrodynamic analysis of a pafatieji 
plate resonator proposes a simple formula for the resonant frequency: 

c„fc„ 



Jnm0 2m4e 



dielectric 



where co^ltfrn/s is the velocity of light in vacuum, e is the relative di 
constant of the disk/substrate, r is the radius of the conducting plate, and U are 
Bessel functions with mode indexes n and m. For an electrically thin parallel-plat 
the third index is 0. The above formula may be corrected taking fringing fields • 



tie 



roots of 
e resonator 
account. 



into 



Please amend the paragraph beginning at page 12. line 21. as follows: 
Fig. 2 schematically illustrates an electronically tunable resonator 
non-linear dielectric substrate 3„ with an extremely high dielectric constant, e 
(SrTi0 3 ) which has a dielectric constant of more than 2000 at the temperature 
nitrogen (N) and a dielectric constant of about 300 at room temperature. On - 
the substrate high temperature superconductors loi, Ira, e.g. of YBCO, are - 
which in turn, in this embodiment, are covered by thin non-superconducting, 
conductivity films 2*. 2 02 of e.g. Au. As an example the resonant frequencies 
circular fm!MBwm$** disk resonator having a diameter of 1 0 mm anc 
of 0.5 mm will be in the range of 0.2-2.0 GHz depending on the temperature 
applied DC biasing. Such resonators can be excited by simple probes or loopj 
coupling means. In most practical cases the thickness of a paraHett-p^Mel 
resonator is much smaller than the wavelength of the microwave signal in 
resonator to support only the lowest order TM-modes. and in order to keep 
voltages, which are required for the electrical tuning of the resonator with a 
dielectric substrate as low as possible. This is discussed in Gevorgian et al., 
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modes of YBCO/STO/YBCO circular disk resonators", IEEE Trans. Microwave 
and Techniques vol. 44, No. 10, Oct 1996 which herewith is incorporated her. 
reference. The field distribution of such a resonator was shown in Fig. 1A above\ 
TMoio mode, and in Fig. ID for the TMoao mode. 



! measured microwave 



Please amend the paragraph beginning at page 13, line 15, as follows. 

Fig. 3 schematically illustrates a diagram indicating the 
performance of two resonators. In the figure the unloaded quality factor, Q, as 
of the biasing voltageX^}, is illustrated for a resonator in which normally ~ 
U. non-superconducting, electrode plates are used, corresponding to Qn, and 
resonator in which HTS electrodes of YBCO are used, corresponding to lines 
Correspondingly the resonant frequencies are illustrated as a function of the 
biasing voltageiYm, corresponding to F„ F n for Cu electrodes and for YBCO 
respectively. It can be seen that at high biasing voltagesiVB), it does not make 
difference whether YBCO electrodes are used or if normally conducting (non 
superconducting) electrode are used. 



Please amend the paragraphs beginning at page 15, line 1 through line 



Theory 
i by 

, for the 



a function 
conducting, 
for a 

applied 
electrodes 
much 



34, as 



follows: 

Thus the common electrode 13 forms a common ground plane for the first and 
second resonators 1,2. The first and second resonators 1,2 are coupled to each other 
through coupling means 5, here comprising a slot or an aperture in the common ground 
plane 13 allowing for distributing of electromagnetic energy between the two resonators 
upon application of a biasing voltage.^. For application of 6*^the,biasing voltage, 
biasing means 3 are provided comprising a variable voltage source which is c annected to 
the ground plane 13 and to the first electrode 21 of the second resonator 2, such that for 
tuning of the resonator apparatus, the biasing voltage is applied to the second 
When the biasing voltage V B is applied and increased, the resonant frequenc 5 
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resonator 2. 
of the 
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;o the 



1 resonator. 



have 



alow 
: increases, more 
resonator 



second resonator 2 will increase. Electromagnetic energy will then be relocated 
first resonator 1, which means that the increased loss tangent of the second 
which, as discussed above, increases as the biasing voltage is increased, will 
influence on the resonator apparatus as such. Thus, as the biasing voltage 
and more electromagnetic energy will be transferred or redistributed to the first 
1 . In this manner the increased loss in the tunable second resonator 2 will be compensated 
for. 

Preferably the coupling slot is circular; which shape it should have depends 
mode(s) that is/are selected. Generally the current lines (efcaee Figs 1 A-1F) 
interrupted. Normally it functions with a circular slot for all modes. It may also 
ellipsoidal. For a rectangular resonator it may be rectangular. 

The first and second resonators may also have other shapes, and that the 



on the 
shoiild not be 
be 

shapes of 



th* first and seco nd resonators mav be the same or different The ground plane 
have the same size (and shape) as the first resonator or any other shape as long 
smaller man the first resonator. 

Please amend the paragraph beginning at page 16, line 1, as follows: 



cr 



merei 



types 



In the figure input coupling means 4 in the form of an antenna are show i 
of microwave signals to the microwave device for exciting the relevant mode 
In principle any input/output coupling means can be used and the antenna is 
indicated for indication of an example on input coupling means. Different 
input/output coupling means are discussed in the Swedish patent application 
"Arrangement and Method Relating to Microwave Devices" filed on April 18, 
the application No. 9701450-0 and US Patent 6.185.441 and the content of 
herewith «-aie_incorporated herein by reference. In this document it is among 
illustrated how the coupling means can be used for application of a biasing vo 
also illustrates examples on coupling means that can be used while still requirijng 
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biasing means, as well as a number of state of the art devices. The present invenion is 
not limited to any particular way of coupling microwave energy into/out of the c evice, 
the main thing being that the biasing voltage is applied to the second resonator, which is 
tunable, and which is coupled to another resonator which is not tunable, which resonators 
are coupled to one another such that redistribution of electromagnetic energy is enabled. 
Please amend the paragraph beginning at page 16, line 24, as follows: 
One example of a second resonator that can be used in a resonator apparatus 
according to the present invention was disclosed in Fig. 3. The second resonator 2 may 
also be a thin p{ffiilleil-p_aralleii>late microwave resonator ^hin here moaning _ 3bgjgrm 



"thin" means t hat it is thin in comparison with the wavelength in the resonator, fa, more 
specifically d<X/2, wherein d is the thickness of the resonator 2, and \ is the 
wavelength in the resonator. (Generally the apparatus could be a thin film devicu, 
although bulk substrate devices are preferred, as discussed earlier.) 



is 



Please amend the paragraph beginning at page 17, line 1, as follows: 
In Fig. 5 the equivalent circuit of the two coupled resonators 1,2 of Fig 
illustrated. Zj n represents the input impedance of the arrangement Ri, Ci represent the 
rosiator r esistance and the capacitor of the first, non-tunable resonator 1. R2, C2 
the tunable components of the second resonator 2, and Co 5 is the coupling capacitor 
coupling the first and second resonators to each other. 



; represent 



Please amend the paragraph beginning at page 18, line 11, as follows: 
Figs. 7A illustrate the real and imaginary parts of the input impedance at 
applied voltage. Correspondingly Figs. 7B, 7C illustrates the real and imaginary 
the impedance at a biasing voltage of 100V and 200V respectively. As can be 
the figur es F igs. 7 A - 7C . for zero biasing voltage (Fig. 7A1 the resonant frequency 
be about 2459.4 MHz, for a biasing voltage of 100V (Tip. 7B'ti t will be 2509.3 
for an applied biasing voltage of 200 V(Fig. 7Q it will be about 2530.9 MHz. The 



zero 
parts of 
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frequency shift AF will be 49.9 MHz for 100V and 71.5 MHz for 200 V biasing voltage. 
In the given range of the applied voltage, the loss factor of the ferroelectric, tunable 
substrate material will change about 30 times. However, the total quality factor change 
will be no more than about ±30%. If the frequency band of the resonator is about 
0.5 MHz, the resonator figure of merit will be AF/Af « 7 1 .5/0.5 » 140. It should however 
be clear that Figs. 6A,6B,7A,7B,7C merely are included for illustrative and exemplifying 
purposes. 

i through pat>e 19, line 



the 



Please amend the paragraphs beginning at page 18, line 29 
24, as follows: 

Fig. 8A shows one particular; example of a first resonator 1 A e.g. as in 
which comprises a circular disk resonator. It comprises a non-tunable, 
substrate 1 1 A, a first conducting electrode 12A. which for example may be 
superconducting or even high temperature superconducting, and a second " 
which for example is a larger than the substrate 11 A and the first electrode 
for example also have the same size as the first electrode 12A. This second 
plate 13 A acts as a common ground plane for the first resonator 1 A and for 
resonator 2A of Fig. 8B. The common ground plane 13A comprises coupling 
for coupling the first resonator 1 A and the second resonator 2A to each other. 

The second resonator 2A comprises a first electrode 22A disposed on 
ferroelectric substrate e.g. of STO which is non-linear and has an (extremely) 
dielectric constant. Biasing means comprising a variable voltage source V eB " 
connection leads is connected to the common ground plane 13A and to the M 
plate 22A of the second resonator 2A. Preferably the TMwo modes are exciteji 
coupling means (not shown in this figure). The coupling means 5A may co: 
which is circular or ellipsoidal, and through which electromagnetic energy 
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second resonator 2A can be redistributed to the first resonator 1 A upon 
biasing voltage to the second resonator 2A. 



application of a 



coveied 



Please amend the paragraph beginning at page 20, line 11, as follows: 
In a corresponding manner CsesFig. 9B) the second resonator 2B compel 
electrode plate 22B with a (high temperature) superconducting layer 22Bi 
non-superconducting metal layer 22B 2 . The first and second resonator IB, 2B, 
preceding embodiment, comprise a common ground plane, for both forming a 
electrode 13B which, in this particular implementation, comprises a 
superconducting layer 13B X covered on either side by a very thin non 
metal film 13B 2 , 13B 3 . Alternatively the ground plane just consists of a su 
layer. A biasing voltage is applied between the first and second electrodes 22B, 
the second resonator 2B and electromagnetic energy can be redistributed via 
means 5B, which here comprises a rectangular slot, to the first resonator IB. It 
clear that the coupling means does not have to be a rectangular slot, but it can 
of aperture giving the desired properties as far as transfer of electromagnetic 
concerned for the concerned modes; It may e.g. be circular or ellipsoidal as 
further the electrodes may consist of normal metal only. 



es a first 
by a 
like in the 
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(high temp nature) 
-superconducting 
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13Bof 
cojupling 



we 1 



; resonators 



ns_ 



Please amend the paragraph beginning at page 20, line 31, as follows. 
The inventive concept is also applicable to dual mode operating 
oscillators, filters whereby dual mode operation can be provided for in different 
e.g. as disclosed in the patent application "Tunable Microwave Devices" and 
ns Patent 6.463.308 w hich was incorporated herein by reference. 

Please amend the paragraph beginning at page 21, line 31, through page 
18, as follows: 
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first 



Fig. 12 illustrates the equivalent circuit of a two-pole filter 100 as in Fig 
is connected by a transmission line section. In the figure it is illustrated the first 
apparatus 10D with resistance Rn> and capacitance Ci D corresponding to the ~ 
tunable resonator ID and the tunable resonator 2D comprising a fesist^-resi 
and rnpnnit nr capacitance C m which resonators are coupled to each other by the 
means 5D represented by a capacitor CW The inductances Lo4, Low; Los, Loos oi 
resonators are also illustrated in the figure as explained earlier with reference to 
6B, 7A, 7B. To the first resonator apparatus is connected a second resonator apj 
10E comprising a first resonator IE and second resonator 2E with the respective 
tunable and tunable components resistance Rib, C 1B and Ras, C 2E respectively 
connecting capacitor Cos corresponding to coupling means 5E. It is supposed 
two-pole filter is connected by a transmission line section. In the exemplifying 
characteristic impedance of the external line Zo = 50 Ohm, the characteristic in 
of the coupling line Zoi - 45 Ohm, and the electrical length of the coupling line 
central frequency is 80°. 
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Please amend the paragraph beginning at page 22, line 20, through pa^e 23, line 
2, as follows: 

Figs. 13 A, 13B are diagrams showing simulated lines of the tunable two 
of Fig. 10. The insertion losses in dB and the return losses in dB correspond to 
transmissions T and the reflectivity.; T.is given for three different values of a bilasing 
voltage V. In Fig. 1 3A Tl corresponds to the transmission as a function of the frequency 
at zero biasing voltage, T 2 corresponds to the transmission as a function of the frequency 
in GHz for a biasing voltage of 100V and T 3 is the transmission for a biasing voltage of 
200V. Correspondingly the reflectivities r u T 2 , T 3 are indicated in Fig. 13B for biasing 
voltages 0V, 100V, 200V . respectively . As can be seen the insertion losses anc 
losses are maintained even at a higher biasing voltage. The average bandwidth 
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MHz, and the range of tunability is approximately 70 MHz with an insertion los i = 0.5 
dB. The drastically increasing loss factor of the ferroelectric material of the second 
resonator is largely compensated for through the application of the inventive concept. 
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